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ABSTRACT

Peroxidase activities and isozyme patterns of the pine needles (Pinus densiflora) were examined
and compared in the coastal regions of Anmyum-Do(Choongnam, Taean-Gun) and inland regions
of Shinchang-Myun(Choongnam, Asan-City). The pine needle peroxidase from Anmyum-Do
showed approximately three times higher specfic activity than Shinchang pine needle peroxidase.
The pine needle extracts of Anmyun-Do and Shinchang contained three anionic iso-
peroxidases, named Al, A2 and A3, when subjected to starch gel electrophoresis at pH 7.0.
Cationic isoperoxidases could not be found in both extracts. However, there existed unique
isoperoxidase An only from the extracts of Anmyun-Do pine needles under the salinary environ-
ment. Moreover, the specific activities of catalase and glucose-6-phosphate dehydrogenase from
Anmyun-Do, known for the inducible enzymes under the stress condition, were about 1.8 times
higher than those of Shinchang pine needles. However, the specific activities of other enzymes did
not show great differences between the two regions. Considering the above results of the higher
specific activity of peroxidase and the unique expression of isoperoxidase An, pine needle peroxi-
dase might involve in the defence mechanism against the salinary stress of Anmyun-Do.
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acetic acid®| A3l 394 pyrimidine nucleotide®] *H3l,
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107) oM 2242 AFste] dPAE R AREsIAT)
2U4F9l0llA peroxidase F&

A AUEdel 45 mM  potassium phosphate bu-
fer (pH 7.9)8 AR FA(F 0.5mD)e] ¥l&2 Y1 sea
sando} A uhApApol A FAFAIZTE 12,000 rpmolA 15
B GAEAT $ 35S FHall 30%~90% FAYEw
S Agaidnh. gUdmFgor BEAd" Farsds 10
mM potassium phosphate buffer (pH 7.0)2.8 FAAZl ¥
Y gFgdoz HYslro] Qe CM-cellulose columndl
Z91899ct. 20 mM potassium phosphate buffer (pH 7.0)°l
o8 £&5r= WM £ peroxidaseBAol dE FEIS
ol gAY R ARsSIcHFig. 1).
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Peroxidase2| #4454 o CHi3l M

Peroxidase?] #42 guaiacol®} hydrogen peroxideZ 713
2 3 470nmelA FH=9 F7HE UV/VIS spectropho-
tometer2 AHEat] ZAIYTHKim er al. 1980). F kg
£ 50 mM sodium phosphate buffer (pH 6.0), 15 mM guai-
acol, 5 mM H,0,9 &4 £9E st HELE7} | ms}
HeE 9 24032 H0,8 v oR 7h § A6
dck. &4 AT 1 it 470 nmol A 187 FHE 0] 3
7bele 49 oz Halon, HEATE Tl
3 A48 (unit) 2.2 A48k}

ghotel Al Lowry WS #Waste 2A30tHLo-
wry et al. 1951).
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Starch gel electrophoresis®} §AHA

Starch gel electrophoresis= 5 mM$] histidine bu-
ffer (pH 7.0) 60 miol electrostarchZ 7g F1 #A gel
trayel Xl 2% & 041 M sodium citrate buffer (pH 7.0)0&
£33 42 tank buffer® AREERY, 120 V oA <k 3A]7
Eob St At B geld] BAGAML geld di-
methylformamide] 59! 3-amino-9-ethylcarbazole® hydro-
gen peroxide® TAE TAGMLA| @7} FLA9 band7t

vehd w7tz dMsid.
6-Phosphogluconate dehydrogenase?| E#ASH

95 mM Tris-HCI buffer (pH 8.0), 5 mM MgCl, | mM
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6-phosphogluconated} E44US ¥ & | mM NADP+E 7}
stof AA RI7F 1 mzk A & F S A
6-Phosphogluconate dehydrogenase®] EAEAL 340 nmoi A
o 2= H3E F3te] 24sAHSchomburg and Stephan
1991a).

Glucose-6-phosphate dehydrogenase®] &4 &3

50 mM Tris-HCI buffer (pH 8.0), 5 mM MgCh, | mM
glucose-6-phosphate$} 3AY¥S ©& % | mM NADP*E 7}
sl AA F37 | mh HA & § ukg-& AFsth Glu-
cose-6-phosphate dehydrogenase®] EAEAL 340 nmol|4 9]
¥4 HsE Estd A3 thSchomburg and  Ste-
phan 1991b).

Succinate dehydrogenase?| §A &%

50 mM phosphate buffer (pH 7.6), 1 mM KCN, 0.04
mM DICPIPS} §49E8 ¥ 20 mM Na-succinateZ 7}3}o]
AA 2371 | mb} HA & & 932 AR Succinate
dehydrogenase®] &4-& DICPIPZAY wWE F3w Wae
620 nmollA 23 &9 cthHiatt 1961).

Catalaseo| §t4 &3

60 mM phosphate buffer (pH 7.0), 10 mM H,0.¢+ 49
S %S 3 AA 297 1| mirb HA 9E ARk
Catalase®] 42 240 nmol|x 9 FFT 7FAE Eslo 2%
3tAcHAebi 1974).

Isocitrate lyase?| §4 &3

85 mM phosphate buffer (pH 7.0), 4 mM DTT, 4.5 mM
MgCl;, 10 mM phenylhydrazine chloride, 0.01% Triton X-
100, £29¢ Y2 3 4 mM threo-Dyisocitrate 7}3}e] A
A 57 1 mizk HA sk W& ARSI Isocitrate
lyase®] &42 glyoxylate phenylhydrazine AXo] W& &3
E WEE 324 nmol|X 34519 rHSchomburg and Stephan
1991c).

Malate synthase2] g4 &3

0.1 M Tris-HCI butter (pH 8.0), 0.5 mM MgCl,, 1.0 mM
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DTNB, 1.0 mM acetyl CoA, E4YE ¥& £ 33 mM so-
dium glyoxylateg 7}ste] A3 F37} 1 ml7} A 8o kg
S A Z34e}. Malate synthase®] E4& 412 nmojlA o] &3
% H3E =431 tiSchomburg and Stephan 1991d).

Glycolate oxidase®| #4 &H

50 mM phosphate buffer (pH 8.0), 3.0 mM EDTA, 10
mM phenylhydrazine chlorided} E4¥g ¥ £ 50 mM
sodium glycolateZ 7Fote] A& H37} | m7} HA 3t ut
S5 A3t Glycolate oxidase® A1 324 nmol A<

F4= ¥3lE 24319 cHFeierabend and Beevers 1972).
g% o o
LU g
MR 1078 A2 A% 107] Aol AT AehE Ay

F dozRy ey FEdHwal CM-cellulose chro-

matographyE 8} peroxidaseZ 2 cHFig. 1).

IHE AT MF AT peroxidased] HIFAE H|T

2420 107) AGefM FHE dHe 2P A% auFe
2RE 223 peroxidased H|ZATE HFF+EFHEAEZ
vehlo] Wlastgth(Fig. 2). 1 23} HE AU peroxi-
dased] H|BAPZ= o 1.30]T A% AU peroxidased v]E
AT oF 0420122 obH%E AU peroxidased] H|EA L7}
A AV peroxidase®] HIEAEHRT BF 3 v) EdTh of
21 peroxidase®] BIEAZ7F dA2 T XY FAHAE
g 2o gt Avkrel wold| Ao peroxidase’} B S s
AE AT DGR o AEe dofuh= AR oE
© AEAY A, dAdrle] 43l osmolyted] 33,
NaCIZ¥ H3s} o) thAte] ad ol Ath(Valpuesta er
al. 1993). AYFLLEYAE BE AEA e oV E R
B8} EA ligno-suberizations &itslA do7|A Hot
T LA Qon(Gaspar er al. 191), 255, Al&S 28
BEEECE LS wolr]A] o wol7|2o 2 lignin
S skl dda 2ase] tHAzizah and Steudle
1991). AEMEH] EA3l= peroxidased) Jate] xS
TR AEstey wate-E E9A ligningilo] 220y
22 (McDogall 1993, Sanchez et al. 1993, Padu et al. 1993)
FEZEH 2o =FEo] Qe T XY AUFY peroxi-
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Pine needle extract

Homogenize with sea sand

Homogenate

Centrfuge at 12,000 rpm, 15 min

Supernatant

30 % - 90 % (NH4)2S04

Precipitate

Dialyze against 10 mM potassium
phosphate buffer ( pH 75 )

CM-cellulose chromatography

20mM potassium phosphate
buffer ( pH 7.0 )

Peroxidase activity

Fig. 1. Flow diagram for the fractionation of peroxi-
dase activity from pine needle (Pinus densiflora) of
Anmyun-Do and Shinchang.

dase@AZ7} 84S lignifications] &3 wol7]zoz Awy
& 4 o

oliE AR} ME AT peroxidase®| isozyme pat-

tern H|R

oheie AuEel A% AURzHe 229 peroxidaseQ]
isozyme patterns starch geldolA vl wstHTHFig. 3). 1
operoxidased'd-& Kime HHH(Kim et al. 1980)] E}E}
E718H9h & C9 A= 247t cationic 2 anionic isopero-
xidase2 AAsw olg JEA ol £ cathodest
anode® ©o]3tE A7|olEY F£AE Jehdrh. UEA9
Ao AE M= cathodeZ ©]F3h= cationic isopero-
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Specitic acitivity

(Shinchang)

(Anmyun—do)

Fig. 2. Specific activities of pine needle (Pinus
densiflora) peroxidases from Shinchang (A) and An-
myun-Do (B).

xidases VFERA 93¢kl 3709) anionic isozyme Al, A2,
AV} HI5E YRR EASY (Fig. 3). o] vt 1
GE 2EY2E W HE QM AURdds Al A2
Aboldl| Eo)atA #Hek &3l peroxidase isozymeo] E)|3}
A1 o]Z isoperoxidase Anojgtr FHalT). oE Ay
2 peroxidaseol M= A% AUT peroxidasedt nRP7HAE
cationic isoperoxidaser= ZA312] 4Sta, Al, An, A2, A3
%9] anionic isoperoxidase?to] EAJsIAcHFig. 3). gutHe

B 29 AEoMe YT &4 patternd FESA o
Di oliE Auy Yolgt EojslAl Eajsl= peroxidase
isozyme And QPAE sjehxde] nEEEHA thet wof7]

| < A1
- An

- A3

Fig. 3. Starch gel electrophoregram of pine needle
(Pinus densiflora) peroxidases from Shinchang (1) and
Anmyun-Do (2).
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ZogA BF RIS AR F2Hd

1FAEY peroxidases E2|318H A2 2 FAdH EA
o] MEE oY 79 isozymed 7HA X Yl peroxidase
isozyme patterne A ¥ J37 w8} S22 7o A
of g& &4, 2= aga W fRo uaMT wWalatn
Buslo] grhvan Huystee and Cairns 1982). T3 peroxi-
dased] EAE Oz tio] thild R 29 2
ol nxe Ay 71K 2HES A7 g8k peroxidase”}
HE AT E3lo] #A" a2y B2 g os
Aslo] gom, 53] 2 FARAY FoAI Hio| #F
2E# 2o w2 peroxidase isozyme?] pattern W3l A3
A7t APy AFsiAk. AUEs B QloiME 37
2HUQ sulfur dioxide] A& AlAsk=H apoplastic per-
oxidase7} #jdt 7}5Aol AAE A1 (Pfanz er al. 1993) t)7)
2ol A FolM ks FI2FYLE AFANY su-
beellular organelled] ZA]3}= peroxidase®.th M| EHo] £z)
31 peroxidase®] E4jo] wl¢ A vebd Bk opg} £3
peroxidase isozyme®] patterno] W3S Rt} (Wongka-
ew et al. 1991). 19933 7]9do] 28 ZrhE= AubEe)
extracellular peroxidase 84 O <3 e = 54 A
320 e o] 71308 B s 3(Alonson er al., 1993),
A B2]9) apoplastic peroxidaseZt th7) 999 4 2
9 sl SOE FSAAN ZEFAI)E uhgo] BT Ths
Aol Atk AAE 7= Fort (Kammerer er al. 1993), o}A
2AAQ A7 QYA ofa e AAolth. At ngH
LEYLE W ErlE9 ¢ peroxidase mRNAY ZAE
o] WHPE Sate] TFEZANA EnlE BN S5
5= TPX!1 mRNA7} ligno-suberizationd] #dd Roz =
Z5 UK Valpuesta e al. 1993). TERAEHAS uto D
2|9 A= anionic isoperoxidase’} FAdH 27181 T seed-
linglMe dEFTrt Z7184E  far-migrating cathodic
isoperoxidase”} 5715H9 HIEATE Z7letdth. ojgd vu
&S et & of I9ESes SRS WA %o
2l Wol7|&0 2 isoperoxidase Ano| SEH 0] HE3lEHE o
WS TAA ligninFA S F|E Ao Fadn

4E 482

AT AV peroxidased] HIBAE Z719) isopero-
xidase An¢| WHRFEI} QAT G Aoz 93 &
A2Ef 2o 93 AVAE HHOZ LolHE I peroxi-
daseo]9]o] Th¥s TAE Melsle] HBARE ZARIEY
(Table 1). 2 23} AAAG A 3304 Hsa) St Ex]
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Table 1. Comparisons of specifiec activities of various
enzymes from pine needle between Anmyun-Do and
Shinchang. The activity values are expressed as me-
antstandard deviation of the ten samples of pine
needles.

Regions

Enzyme Anmyun-Do Shinchang

6-Phosphogluconate oo, o6 0.79+0.3
dehydrogenase

Glucose-6-phosphate ;5 o7 0.66+0.15
dehydrogenase

Succinate

dehydrogenase 0.98+0.26 1.1 £0.23

Catalase 0.98+0.28 0.54+0.1

Isocitrate lyase 2.3 £0.54 2.2 £0.2

Malate synthase 0.72+0.28 0.8 £0.2

Glycolate oxidase 0.23+£0.04 0.21£0.08

g LUy 3399 catalases} glucose-6-phosphate dehydro-
genase®] HIEATr} o 18 W) A Ueldn aey g
S48 HMBYEE Hagos 2 o7} gt oz
Wk Peroxidasest 37 catalase$t glucose-6-phosphate de-
hydrogenases9] ®47} WeF 7, ddaA 2 9gn
stressoll 93] F7H0E R4S w8d) £ oj(Lim and
Kim 1986), ¢tHT AUE peroxidase® HEAHT Z719)
anionic isoperoxidase An®] WdE QHEx"e g 3
BEEd L diMstis wofr)oz ogg £ gt B
peroxidase isozyme®] 37} BAZIIE HPAEH Ao o
& AR o]&¥ F S7IE 73y,

¥ 8

FH T QEE Sk Y opk] ARE YEx A
S A48 F AGolA ke 2UE(Pinus densiflora)®]
peroxidase@/d 7} isozyme patterng ¥|mEAEATh 1 An
AT AMASG AR peroxidased] HIBAES} AF UE
AY &V peroxidased] B|BAERT BF 3 ) w3} &
AY oy Ao 714 2 8748 Fole g9 oz
QEE A AR peroxidased] FAZ/IEAL T A
A9 BHXEH 2o that wojHAo] peroxidaser} B
7FedE AN F A9 peroxidase isozyme®] patterng
starch gel electrophoresisE 53] v|walde o, T A9 &
Lol cathode® ©%38He cationic isoperoxidase?} &
32 99k, 370 anionic isozyme Al, A2, A37} ZEHO
2 EAsY. 2y BoldARE ngE AEHAE
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He HE AUFYoATE isoperoxidase AlZ A2 Aol
isoperoxidase Ano] 3 EH3NQYO=Z peroxidase isozyme
Ang AdAESAAGY] uFRHA tfet wofr)Zo g B
FEEAS Aeg 338 5 5tk FAY 2UFAedAM 4F
EoBYS vud A3 APAY 2y FEdd Halo o
HEAY AUE F209] catalase$} glucose-6-phosphate de-
hydrogenase®] H]ZAE7} < 1.8 W EA Jehgth a8y
0e 5259 MBEE BFHoe 2 Fopt gielth
dge
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